Background
The Medicine Wheel is generally believed to be of considerable antiquity and is commonly attributed to early Plains Indians, which might include Crow, Sioux, Arapahoe, Shoshone, or 7 Perhaps the most interesting feature of the Big Horn Medicine Wheel is its unique nature, for the early inhabitants of the northern Great Plains were not known as builders or monument makers. The most common stone artifacts of the region are tipi rings, but these apparently utilitarian structures are simpler and much smaller than the spoked Medicine Wheel and are most probably unrelated to it (5). Other stone structures are rare. They include surface effigy monuments (6), linear stone alignments [see, for example, (7)], and a few other spoked wheels (8) , all found along the Rocky Mountains from northern Alberta to southern Wyoming. Of the spoked wheels found thus far, the Big Horn Wheel is clearly the largest and most elaborately constructed, and it is the only one with a rim 'and outlying cairns.
The word "medicine" was used by Indians to mean "magic" or "supernatural," and the Medicine Wheel is associated in most accounts with religious use. Its general similarity to the floor plan of a ceremonial Medicine Lodge (9) led Grinnell in 1922 (3) to suggest that this may have been its pattern or original use (see Fig. 3 ). In this analogy, the central cairn (labeled 0 in Fig. 2 ) represents the center lodge pole and the 28 spokes represent the 28 rafters. Cairn F, which opens to the center on the west side, portrays an altar which was by tradition loca,ted there; cairn B, on the east and opening east, represents the entry which opened to the rising sun. Other cairns could mark traditional stations of worship; in particular, outlying cairn E marked the "lonely lodge" of the Cheyenne Medicine Lodge ceremony. This association was restated in similar terms by Robert Yellowtail, chairman of the Crow Tribal Council (10). Yellowtail believed that the outlying cairns marked the (cardinal) directions of the four winds which were customary stations of fasting or worship. Based on his
The author is an astronomer on the staff of the High Altitude Observatory, National Center for Atmospheric Research, Boulder, Colorado. 1035 Cheyenne, all of whom lived nomadically in the region and for whom the Big Horn Mountains had especial significance. This association is based principally on the circumstances of its discovery, on its location-near a wellworn travois trail-and its yield of a few Amerindian artifacts. At the time of its discovery by whites in the late 19th century and in subsequent archeological investigation (2, 3), local Indians were found to be aware of the wheel but none interviewed knew its precise location or its purpose. They reported that it was there when 'they came, or that it had been made "by people who had no iron."
Less is known about the date of construction, although several factors indicate that it has been there for possibly 200 years. These include depositions taken at the time of its discovery, the weathered and partially sunken appearance of the stones in the pattern, and a tree-ring analysis (earliest date, A.D. 1760) of a piece of wood found in one of the cairns in 1958 by Grey (4). In the 1958 study the interiors of all the cairns and the sectors between about one-third of the spokes were excavated. A few potsherds, beads, and points were found which were generally consistent with the dendrochronological date, although these could represent a later use of the wheel. Beneath the central cairn was found a filled, conical hole in the bedrock about Fig. 1 Stone alignments such as the Medicine Wheel could have been used as horizon markers, to identify the directions of rise or set of selected celestial bodies. A pole stepped vertically in the central cairn could serve as a gnomon or foresight, which, in conjunction with a backsight point at a peripheral cairn, would define the azimuth of rising or setting of some important object (/1). We might first suspect the sun, because of its religious importance in Amerindian culture and its frequent association with the Big Horn Wheel in form, name, and legend. The spoked pattern resembles a common sun symbol. A Crow name for the Big Horn Wheel was "the Sun's Tipi," and in one Crow legend "the Sun built it to show us how to build a teepee" (12) . "It was built before the light came," according to another reported Crow explanation (13) which was interpreted, perhaps mistakenly, as indicating that the wheel was of ancient age. A more illuminating translation could well have been "before the sunlight came," or "to mark the sunrise."
The horizon points of sunrise and sunset shift daily; their paths go through reversals of directions at the times of summer and winter solstice, when the sun rises and sets at its most northern and most southern positions, respectively. These singularities were commonly noted by many primitive peoples for calendar, ritual, or agricultural purposes. The This leaves unexplained the four remaining peripheral cairns, of which cairns A, B, and F appear to equal the size, and presumably the significance, of the solstice pair, cairns E and C. We might suspect that the central cairn served as a foresight for each of these other cairns, to mark directions of rise ing calculated or set of other prominent celestial feathe sun. The tures, such as the nodal points of the resight pole in bars)* paths of the moon or planets, or the fixed points of rise or set of bright stars or asterisms. When the declinaned to these tions derived in this way (lines 3 neasured tol-through 6 in Table 1) v for the unIt is conceivable that cairn 0, the airns and the center of the spoked, sun-symbol heir original wheel, was chiefly used for solar marktistical argu-ing, and that for other objects comment seems binations of the peripheral cairns were e case seems used. In testing for astronomical coinof the Big cidences in this way some logic or ere built for restraint should be used, since a large marking the number of lines can be defined by pair- ' Fig. 7 and lines 6, 7, and 8 of Table 1 ).
These three stars are the brightest in a compact region of the sky which is near the path of the sun in summer. Thus they rise near dawn at the only season of practical occupancy of the Big Horn Wheel (Fig. 8) . The nearest stars of comparable brightness are Betelgeuse (variable magnitude 0.1 to 1.2, labeled point B in Fig. 8 ) and Capella (magnitude 0.2, labeled point C in Fig. 8 ). Although Capella is brighter than Aldebaran, it is circumpolar at the latitude of the Big Horn Mountains and hence cannot be marked at the horizon. Atmospheric extinction will limit the number of stars which can be observed near the horizon and will restrict the altitude angle at which even the brightes,t can be seen. This effect, which has been discussed by Thom ( summer, from the same backsight cairn, alignments FB and FO would point in similar fashion to the rising points of brighter Rigel and Sirius. Rigel, in familiar Orion, is the brightest object to rise heliacally after Aldebaran. It did so, at the latitude of the Big Horn Mountains, almost exactly one lunar month after Aldebaran's heliacal rise at solstice. Bright Sirius then rose heliacally about another lunar month later. It may be significant that there are 28 spokes in the Medicine Wheel, which could be used as day counters for these lunarmonth intervals. It is at first surprising that stars were marked whose heliacal rising occurred after the solstice. Indeed, logical use might suggest instead the marking of presolstice events, to serve as warnings from which solstice countdowns could proceed. No such objects are marked, but there are two reasons why we should not expect them. One is the particular absence of bright stars in the region of the sky west of Aldebaran where presolstice heliacal rising would occur (Fig. 8) . The other is the normally severe weather on the mountain in late spring, which would surely discourage use of the Medicine Wheel much before midJune.
Why should Rigel and Sirius be marked? Perhaps simply because they were the brightest stars that rose in the summer dawn. Or, more logically, because their dates of heliacal rising would mark off the warmest moons of the year, the 2-month period after the solstice when the weather on the mountain was least severe. The heliacal rising of Sirius would be a good warn-1040 c. C Fig. 7 An alternate interpretation of the peripheral cairn alignments does not require alignments on other than the sun and Aldebaran. It may be that cairn F was used only for the FA Aldebaran line, and that cairn B was sighted from cairn E, the solstice sunrise station, as another line to the same heliacal solstice star (Fig. 7) . The line along EB is not as good an Aldebaran marker as the line along FA, but it is within 4?, close enough to permit identification (line 9 of Table 1 However, the implied use of Aldebaran as a heliacally rising star at summer solstice gives us a dating device which is not subject to these faults. This is a potentially powerful dating tool, since the change in Aldebaran's position with time is appreciable; moreover, the method is insensitive to the positional accuracy or stability of the cairns, once we are convinced that Aldebaran was so used. The absence of other bright candidate stars for the FA cairn alignment and the unique position of Aldebaran relative to that of the solstice sun leave little doubt that this was indeed the case.
In this dating method one uses the long-term change in the position of Aldebaran with respect to the solstice point, which comes about chiefly through precession of the equinoxes. Precession is such that at present the elongation angle between Aldebaran and the sun at solstice is decreasing at the rate of about 1.4? per century.
Currently the separation is about 22?, such that, at the latitude of the Big Horn Mountains, Aldebaran rises about 9? before the sun on 21 June. As mentioned earlier, this is too close to permit one to observe the rising of a first-magnitude object, and Aldebaran at solstice now rises unseen in the predawn glow. Some time ago, when it rose approximately 11? before the sun, it was just far enough from the sun to rise heliacally on the solstice. Before that time, it rose even earlier, persisting longer before dawn and becoming less and less useful as a heliacally rising solstice marker. There is thus a period of time, centered on the time of nominal separation for heliacal rising, during which the star would have been useful. Neither the width of this time period nor the separation angle for precise heliacal rising are exact quantities, since they depend somewhat on the acuity of the observer's vision and on the variable brightness of the predawn sky. In taking 11? as a nominal separation angle for the heliacal rising veracity ( The growth of a microbe is rarely complicated by the supracellular controls that buffer the cells of higher organisms from the environment, and thus the mechanisms by which a bacterium's growth rate, composition, and metabolism relate to the environment are relatively visible. It is therefore not surprising that the existence of a The growth of a microbe is rarely complicated by the supracellular controls that buffer the cells of higher organisms from the environment, and thus the mechanisms by which a bacterium's growth rate, composition, and metabolism relate to the environment are relatively visible. It is therefore not surprising that the existence of a variety of bacterial cellular regulatory mechanisms has been known for some time. Some of these mechanisms provide control over intermediary metabolism, that is, control over the formation and disposition of the many low molecular weight compounds that are intermediates in the formation of the macromolecular components of the cell, while others are concerned more directly with control of the formation of the macromolecules themselves.
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The concept that intermediary metabolism is regulated comes from many observations. Perhaps among the most important of these is the fact that a bacterium growing normally will not lose significant amounts of its many intermediates. This implies the existence of a selectively permeable outer membrane, as well as mechanisms preventing the overproduction of these compounds by the enzymatic pathways making them. As one might predict, when either the membrane of the cell is altered, or when a defect appears in a control mechanism, as a result of a mutation, for example, the cell may excrete a variety of intermediates, as in the first case, or a specific intermediate, as in the second. Even more direct evidence of these control mechanisms comes from the fact that when a specific nutrient is present, it may induce the synthesis of those enzymes needed to utilize it, while if the nutrient is an intermediate which the cell normally makes, then the endogenous synthesis of the compound will be quickly in-
1043
